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(57) ABSTRACT

There are provided a back electromotive force detection cir-
cuit and a motor driving control apparatus using the same.
The back electromotive force detection circuit includes a duty
determining unit and a delay compensation unit. The duty
determining unit outputs a differential level according to a
duty of a driving control signal of a motor. The delay com-
pensation unit performs delay compensation differently on
each differential level to compensate for a delay in back
electromotive force of the motor regardless of a variationin a
duty of the driving control signal.
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BACK ELECTROMOTIVE FORCE
DETECTION CIRCUIT AND MOTOR
DRIVING CONTROL APPARATUS USING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the priority of Korean Patent
Application No. 10-2012-0151015 filed on Dec. 21, 2012 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a back electromotive force
detection circuit capable of accurately controlling driving of
a motor by compensating for a delay in back electromotive
force by performing delay compensation such that driving
control signals have the same delay, while duties thereof are
different, and a motor driving control apparatus using the
same.

2. Description of the Related Art

Inline with the development of motor technologies, motors
having various sizes have been used in diverse technical
fields.

In general, a motor is driven by rotating a rotor by using a
permanent magnet and a coil having polarities thereof
changed according to a current applied thereto. Initially, a
brush type motor having a coil in a rotor was provided, which,
however, had a problem in that a brush thereof was abraded or
sparks could be generated.

Thus, recently, various types of brushless motor have been
used globally. A brushless motor, eliminating mechanical
contact units such as a brush, a rectifier, or the like, is a DC
motor driven by using an electronic commutating mechanism
instead. The brushless motor may include a stator configured
as a permanent magnet and a rotor having coils corresponding
to a plurality of phases and rotating by magnetic force gen-
erated by phase voltages of the respective coils.

In order to effectively drive a brushless motor, commuta-
tion of each phase (coil) of a rotor should be made at an
appropriate timing, and for appropriate commutation, a posi-
tion of a rotor is required to be recognized (i.e., known or
detected).

In order to determine a position of a rotor, in the related art,
an element such as a hall sensor, a resolver, or the like, is used,
but, in this case, a driving circuit may be relatively compli-
cated.

In order to complement this, a technique of driving a brush-
less motor by recognizing a position of a phase by using back
electromotive force (BEMF), replacing a sensor, has been
widely used.

However, in the case of using back electromotive force,
delays are different according to duties of driving control
signals controlling driving of a motor, having a limitation in
that it is impossible to accurately detect back electromotive
force.

Related art documents below relate to a brushless motor,
which, however, do not disclose a technique for overcoming
the limitation of back electromotive force in that delays may
be different according to duties of driving control signals.

RELATED ART DOCUMENT

(Patent document 1) Japanese Patent [Laid Open Publica-
tion No. 2012-034465

(Patent document 2) Korean Patent Laid Open Publication
No. 2006-0068844
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2
SUMMARY OF THE INVENTION

An aspect of the present invention provides a back electro-
motive force detection circuit capable of accurately control-
ling driving of a motor by compensating for a delay in back
electromotive force by performing delay compensation such
that driving control signals have the same delay, while duties
thereof are different, and a motor driving control apparatus
using the same.

According to an aspect of the present invention, there is
provided a back electromotive force detection circuit includ-
ing a duty determining unit and a delay compensation unit.
The duty determining unit may output a differential level
according to a duty of a driving control signal of a motor. The
delay compensation unit may perform delay compensation on
each differential level differently in order to compensate for a
delay in back electromotive force of the motor regardless of a
variation in a duty of the driving control signal.

The duty determining unit may include a low pass filter
receiving the driving control signal and filtering a frequency
exceeding a pre-set band; and a converter converting an out-
put from the low pass filter into a digital level.

The converter may be an analog-to-digital converter indi-
cating the digital level by n number of bits.

The delay compensation unit may set a cutoff frequency to
be different for each digital level.

The delay compensation unit may include n number of
switches connected in parallel, wherein the switches may be
connected to capacitors having different degrees of capaci-
tance.

The delay compensation unit may switch at least a portion
of the n number of switches to have capacitance in inverse
proportion to a size of the digital level.

The n number may correspond to the number of phases of
the motor.

According to an aspect of the present invention, there is
provided a motor driving control apparatus. The motor driv-
ing control apparatus may include a driving signal generation
unit, a back electromotive force detection unit, and a control-
ler. The driving signal generation unit may provide a driving
control signal to a motor. The back electromotive force detec-
tion unit may detect back electromotive force of the motor
and compensate for a delay in the back electromotive force.
The controller may determine a phase commutation timing of
the motor by using the back electromotive force, and control
the driving signal generation unit to generate the driving
control signal by using the determined phase commutation
timing.

The back electromotive force detection unit may include: a
duty determining unit outputting a differential level accord-
ing a duty of the driving control signal; and a delay compen-
sation unit performing delay compensation differently on
each differential level to compensate for a delay in back
electromotive force of the motor regardless of a variationin a
duty of the driving control signal.

The duty determining unit may include: a low pass filter
receiving the driving control signal and filtering a frequency
exceeding a pre-set band; and a converter converting an out-
put from the low pass filter into a digital level.

The converter may be an analog-to-digital converter indi-
cating the digital level by n number of bits.

The delay compensation unit may set a cutoff frequency to
be different for each digital level.
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The delay compensation unit may include n number of
switches connected in parallel, wherein the switches may be
connected to capacitors having different degrees of capaci-
tance.

The delay compensation unit may switch at least a portion
of the n number of switches to have capacitance in inverse
proportion to a size of the digital level.

The controller may determine a phase commutation timing
of the motor in consideration of a delay uniformly compen-
sated by the delay compensation unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
of'the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a schematic block diagram of a motor driving
control apparatus according to an embodiment of the present
invention;

FIG. 2 is a circuit diagram illustrating an example of a back
electromotive force detection unit;

FIG. 3 is a graph showing back electromotive force
detected by the back electromotive force detection unit of
FIG. 2;

FIG. 4 is a view illustrating a configuration of a motor
driving control apparatus according to an embodiment of the
present invention;

FIG. 5 is a circuit diagram illustrating a back electromotive
force detection unit according to an embodiment of the
present invention; and

FIG. 6 is a graph showing examples of outputs of a low pass
filter of FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings. The invention may, however, be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the shapes and
dimensions of elements may be exaggerated for clarity, and
the same reference numerals will be used throughout to des-
ignate the same or like components.

FIG. 1 is a schematic block diagram of a motor driving
control apparatus according to an embodiment of the present
invention.

Referring to FIG. 1, a motor driving control apparatus 10
may include a power supply unit 11, a driving signal gener-
ating unit 12, an inverter unit 13, a back electromotive force
detection unit 14, and a controller 15.

The power supply unit 11 may supply power to the respec-
tive elements of the motor driving control apparatus 10. For
example, the power supply unit 11 may convert an AC voltage
of commercially available power into a direct current (DC)
voltage and supply the same to the respective elements.

The driving signal generating unit 12 may provide a driving
signal to the inverter unit 13. In an embodiment, the driving
signal may be a pulse width modulation (PWM) signal.

The inverter unit 13 may control an operation of a motor
20. For example, the inverter unit 13 may convert a DC
voltage into a multi-phase (e.g., 3-phase to 4-phase) voltage
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according to a driving signal and apply the same to coils (not
shown) of the motor 20, respectively.

The back electromotive force detection unit 14 may detect
back electromotive force of the motor 20. When the motor 20
is rotated, back electromotive force is generated in a coil
provided in the rotor. In detail, back electromotive force is
generated in a coil to which a phase voltage has not been
applied, among a plurality of coils, and the back electromo-
tive force detection unit 14 may detect back electromotive
force generated by the respective coils of the motor device
160 and provide the same to the controller 15.

The controller 15 may control the driving signal generation
unit 12 to generate a driving signal by using back electromo-
tive force provided from the back electromotive force detec-
tion unit 14. For example, the controller 15 may control the
driving signal generation unit 12 to perform phase commuta-
tion at a zero-crossing point of back electromotive force.

The motor 20 may rotate according to the driving signal.
For example, the motor 20 may generate a magnetic field in
each coil (stator) of the motor 20 by the current flowing in
each phase provided from the inverter unit 13. The rotor (not
shown) provided in the motor 20 may be rotated by the
magnetic field generated from the respective coils.

FIG. 2 is a circuit diagram illustrating an example of a back
electromotive force detection unit, and FIG. 3 is a graph
showing back electromotive force detected by the back elec-
tromotive force detection unit of FIG. 2.

The motor 20 illustrated in FIG. 2 has 3-phase coils, and a
voltage is directly obtained from a neutral point of the 3-phase
coils. However, according to an embodiment, a neutral point
voltage may not be directly obtained and a virtual neutral
point voltage may be obtained from the 3-phase coil.

The back electromotive force detection unit 14 may com-
pare voltage polarities of the respective phases with the neu-
tral point by a comparator and detect the back electromotive
force as illustrated in FIG. 3. In the illustrated example, the
back electromotive force detection unit 14 may include a low
pass filter (LPF) including a resistor and a capacitor con-
nected in parallel, and detect back electromotive force by
making each of the pole voltages and the neutral point voltage
pass through the foregoing L.PF.

Here, the LPF may be used to filter driving control signals
included in the pole voltages and the neutral point voltage but
a certain delay as shown in FIG. 3 is generated due to such
filter characteristics.

Also, such delays may have different values according to
duties of driving control signals. Table 1 below shows delay
times according to duties of driving control signals.

TABLE 1

Duty Delay time

40%
60%
80%
100%

13.5us
23.8 us
29.7 us
46.2 us

As shown in Table 1, it can be seen that as the duties are
increased, delay times are lengthened. Difference between
the delays may cause an error in controlling driving of the
motor.

Namely, when a duty of a driving control signal is changed
to control driving of the motor 20, a delay in back electromo-
tive force is changed, causing a problem that an accurate
phase commutation timing cannot be calculated.
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Hereinafter, embodiments in which a delay in back elec-
tromotive force is uniformly compensated regardless of duty
variations of driving control signals will be described.

In describing various embodiments of the present inven-
tion herereinafter, a description of content, the same or
equivalent to that of the foregoing description with reference
to FIGS. 1 through 3, will be omitted. However, a person
skilled in the art will clearly understand details of the present
invention.

FIG. 4 is a view illustrating a configuration of a motor
driving control apparatus according to an embodiment of the
present invention.

Referring to FIG. 4, a motor driving control apparatus 100
may include a power supply unit 110, a driving signal gen-
eration unit 120, an inverter unit 130, a controller 150, a duty
determining unit 160, and a delay compensation unit 170.

The power supply unit 110 may supply power to each
element of the motor driving control apparatus 100.

The driving signal generation unit 120 may provide a driv-
ing control signal to the motor 200. For example, the driving
signal generation unit 120 may generate a pulse width modu-
lation (PWM) signal having a variable duty as a driving
control signal and provide the generated PWM signal to the
motor 20.

The inverter unit 130 may apply a phase voltage to the
motor 200 according to the driving control signal.

The controller 150 may receive delay-compensated back
electromotive force from the delay compensation unit 170
and control the driving signal generation unit 120 to generate
a driving control signal by using the received back electro-
motive force. For example, the controller 150 may determine
a phase commutation timing of the motor 200 by using back
electromotive force provided from the delay compensation
unit 170, and control the driving signal generation unit 120 to
generate a driving control signal by using the determined
phase commutation timing.

The duty determining unit 160 and the delay compensation
unit 170 may perform delay compensation on back electro-
motive force of the motor 200. Namely, the duty determining
unit 160 and the delay compensation unit 170 may perform
delay compensation such that driving control signals have the
same delay, while having different duties.

To this end, the duty determining unit 160 may convert a
duty of a current driving control signal into a predetermined
value (level), and the delay compensation unit 170 may set a
cutoff frequency to be different for each duty level of the
driving control signal to thereby set uniform delay in back
electromotive force.

The duty determining unit 160 and the delay compensation
unit 170 may be configured as a single circuit unit. Namely,
the duty determining unit 160 and the delay compensation
unit 170 may operate as a single back electromotive force
detection circuit 300 as in an example illustrated in FIG. 5.

Hereinafter, the duty determining unit 160 and the delay
compensation unit 170 will be described in detail with refer-
ence to FIGS. 4 through 6.

The duty determining unit 160 may output a differential
level according to a duty of a driving control signal from the
motor 200.

In an embodiment, the duty determining unit 160 may
include a low pass filter (LPF) 161 and an analog-to-digital
converter (ADC) 162. Referring to FIG. 5, the LPF 161 may
filter a frequency exceeding a pre-set band upon receiving a
driving control signal.

FIG. 6 is a graph showing various examples of outputs of a
low pass filter of FIG. 5. As illustrated, driving control signals
610 to 650 may have different levels according to duties.
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Namely, the LPF 161 may perform filtering such that the
driving control signals have different levels according to
duties.

The ADC 162 may convert an output from the LPF 161 into
a digital level. The filtered value which has been converted
into a digital level may be input to the delay compensation
unit 170 including switches connected in parallel.

In an embodiment, the ADC 162 may indicate digital levels
by n number of bits (n is a natural number). In the example
illustrated in FIG. 5, the delay compensation unit 170
includes three switches connected in parallel, so the ADC 162
may output 3-bit digital value.

Here, n may correspond to the number of phases of the
motor 200. Namely, the number of phases of the motor 200
and digital bits of the ADC 162 may be matched. In this case,
a circuit configuration may be more simply implemented.

The delay compensation unit 170 performs different delay
compensation on each differential level output from the duty
determining unit 160 to compensate for a delay in back elec-
tromotive force of the motor 200 regardless of variations in
duties of driving control signals.

In an embodiment, the delay compensation unit 170 may
compensate for a delay by setting a cutoff frequency different
for each duty of a driving control signal, i.e., each differential
level output from the duty determining unit 160.

This is based on the fact that a delay time is lengthened as
a cutoff frequency is lowered in the LPF, and a cutoff fre-
quency may be changed by changing capacitance of the LPF.

This may be simplified as shown in Table 2 below.

TABLE 2
Converter Cutoff
output Resistance Capacitance frequency
001 10k 1n 15 kHz
010 10k 2n 7.9 kHz
011 10k 3n 5.3kHz
100 10k 4n 3.9kHz
101 10k Sn 3.1kHz
110 10k 6n 2.6 kHz
111 10k 7n 2.2kHz

Referring to Table 2, as capacitances are increased, values
of cutoff frequency are lowered. Thus, it can be seen that a
delay time may be lengthened as capacitances are increased.

Also, as described above with reference to Table 1, as
duties of driving control signals are increased, a delay time is
lengthened.

Thus, the delay compensation unit 170 may uniformly
compensate for a delay by decreasing capacitance when a
duty of a driving control signal is large and increasing capaci-
tance when a duty of a driving control signal is small.

In an embodiment, the delay compensation unit 170
includes n number of switches connected in parallel, and
these switches may be connected to capacitors having differ-
ent degrees of capacitance.

In the embodiment, the delay compensation unit 170 may
switch at least a portion of the n number of switches so as to
have capacitance in inverse proportion to an output from the
duty determining unit 160, i.e., a size of a digital level of the
ADC 162 in the foregoing example.

This will be described in more detail with reference to the
example illustrated in FIG. 5. The delay compensation unit
170 may include the switches connected in parallel and
capacitors 172 connected thereto, and the capacitor 172 may
be connected to resistors according to operations of the
switches 171 to constitute a low pass filter.
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As set forth above, according to embodiments of the inven-
tion, even when duties of driving control signals are different,
delay compensation is performed such that the driving control
signals have the same delay, thereby compensating for a delay
in back electromotive force to thus accurately control driving
of a motor.

While the present invention has been shown and described
in connection with the embodiments, it will be apparent to
those skilled in the art that modifications and variations can be
made without departing from the spirit and scope of the
invention as defined by the appended claims.

What is claimed is:

1. A back electromotive force detection circuit comprising:

a duty determining unit outputting a differential level

according to a duty of a driving control signal of amotor;
and
adelay compensation unit performing delay compensation
differently on each differential level to compensate for a
delay in back electromotive force of the motor regard-
less of a variation in a duty of the driving control signal,

wherein the delay compensation unit comprises n number
of switches connected in parallel, and

wherein the switches are connected to capacitors having

different degrees of capacitance.

2. The back electromotive force detection circuit of claim
1, wherein the duty determining unit comprises:

a low pass filter receiving the driving control signal and

filtering a frequency exceeding a pre-set band; and

a converter converting an output from the low pass filter

into a digital level.

3. The back electromotive force detection circuit of claim
2, wherein the converter is an analog-to-digital converter
indicating the digital level by n number of bits.

4. The back electromotive force detection circuit of claim
2, wherein the delay compensation unit sets a cutoff fre-
quency different for each digital level.

5. The back electromotive force detection circuit of claim
1, wherein the delay compensation unit switches at least a
portion of the n number of switches to have capacitance in
inverse proportion to a size of the digital level.

6. The back electromotive force detection circuit of claim
1, wherein the n number corresponds to the number of phases
of the motor.

7. A motor driving control apparatus comprising:

adriving signal generation unit providing a driving control

signal to a motor;

8

a back electromotive force detection unit detecting back
electromotive force of the motor and compensating for a
delay in the back electromotive force; and

a controller determining a phase commutation timing of

5 the motor by using the back electromotive force, and
controlling the driving signal generation unit to generate
the driving control signal by using the determined phase
commutation timing,

wherein the back electromotive force detection unit com-

prises n number of switches connected in parallel, and

wherein the switches include capacitors having different
degrees of capacitance.

8. The motor driving control apparatus of claim 7, wherein
the back electromotive force detection unit comprises:

a duty determining unit outputting a differential level

according a duty of the driving control signal; and

a delay compensation unit performing delay compensation

differently on each differential level to compensate for a

delay in back electromotive force of the motor regard-

less of a variation in a duty of the driving control signal,

wherein the delay compensation unit comprises the n num-
ber of switches that are connected in parallel and that
include the capacitors having different degrees of
capacitance.

9. The motor driving control apparatus of claim 8, wherein
the duty determining unit comprises:

a low pass filter receiving the driving control signal and

filtering a frequency exceeding a pre-set band; and

a converter converting an output from the low pass filter

into a digital level.

10. The motor driving control apparatus of claim 9,
wherein the converter is an analog-to-digital converter indi-
cating the digital level by n number of bits.

11. The motor driving control apparatus of claim 9,
wherein the delay compensation unit sets a cutoff frequency
different for each digital level.

12. The motor driving control apparatus of claim 8,
wherein the delay compensation unit switches at least a por-
tion of the n number of switches to have capacitance in inverse
proportion to a size of the digital level.

13. The motor driving control apparatus of claim 8,
wherein the controller determines a phase commutation tim-
ing of the motor in consideration of a delay uniformly com-
pensated by the delay compensation unit.
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